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we obtain the  total volumes of the  tank  for each SUC- 

cessive inch of depth. 
The  volume of the  first inch of t he  spherical seg- 

ments is almost negligible and may be found by as- 
suming it t o  be a pyramid and  calculating in the  usual 
way. 

The  foregoing remarks are set forth in a tabulated 
form of calculation which i t  might be found convenient 
to adopt. In this case the  inside diameter of the  
cylinder is 48 inches and  the  length 1 2 0  inches. The 
depth of dish by calculation is 6 43 inches. The in- 
side diameter, being in even inches, it  is necessary 
only t o  calculate the  volumes of each section for one- 
half the  diameter and obtain the  others by simple 
subtraction of each segment from the  total volume 
of the  cylinder. 
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I t  will be noted in the  above summary tha t  t he  
total volume of the  tank  by this method of calcula- 
tion is: 

2 X 114,490 = 228,980 cu. in .  
The absolute volume of the cylindrical part is, 

/,@I or 217,150 cu. in. 
The  absolute volume of the dished ends is, 

2(1/’2xR2h + I / e x h S )  = 11914 cu. in. 
Total  absolute volume. . . . . . . . , . . . . . . . . 
Total calculated volume. , . . , . . . , , , , . . . , 

-. 

229,064 cubic inches. 
228,980 cubic inches. 

84 cubic inches. Difference. , . . . . , , , , , , , , , , , , , , , , , , 

This difference of 84 cubic inches, or about one- 
third of a gallon in the total ,  between the  calculated 
and the  absolute becomes correspondingly less for 
the  smaller gauges and is negligible for all practical 
purposes. 
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UNIVERSITIES AND INDUSTRIES 
By RICHARD C. MACLAURIN 

President of Massachusetts Institute of Technology 

The title of this address may give rise to some comment as to 
the place of the Massachusetts Institute of Technology in the 
general series of discussions that are being carried on by this 
Society. It can hardly be necessary, however, to say to an 
audience such as this that the fact that the M. I. T. is not called 
a university is merely an accident of names and does not touch 
the substance. For if you examine the matter a t  all closely you 
will see that in everything but name what is sometimes un- 
happily called “the Boston Tech” is a university. The in- 
stitution of the university, like much else that is potent in our 
midst to-day, has roots that go deep into the past and when 
you look back to the early days of the university you see clearly 
what was the fundamental idea that underlay that medieval 
name. The idea was not, as has sometimes been supposed, 
without the slightest support from history, that a university 
is a place where all subjects are studied. Fundamentally, i t  
was a place to which men came from all parts to study. The 

medieval phrase was “university of persons” or “university of 
nations” and the first test of a university was whether it drew its 
students from a limited region or from many lands or many 
sections of one country. The Massachusetts Institute of 
Technology is as national and international in its scope as any 
of the so-called universities. It has long drawn men in large 
numbers from all states in the Union and has a very large pro- 
portion of foreign students to-day, nearly twice as many, I am told, 
as any other institution of higher learning in the country. The 
other tests were two: jijirst, the character of the subjects taught- 
were they elementary or did they represent what were called 
the higher faculties; and second the character of the teachers- 
were they men of high standing, the practical test coming to be 
were they graduates of a recognized university. In the course 
of ages, a fourth test has been added, one that has long been 
inherent in the idea of a university, the test of investigation- 
whether the institution concerns itself merely with imparting 
knowledge or whether it endeavors to extend its bounds. I 
need not speak to you of the distinction of the three hundred 
men who form the instructing staff of the Institute of Technology 
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to-day nor remind you of the great contributions to the ad- 
vancement of knowledge made by them or their predecessors 
both in pure and applied science. A fifth test might be sug- 
gested, but it is implied in the first-freedom from local prej- 
udices, the recognition of the universality of intellectual pur- 
suits and the appreciation of the great work that others are 
doing. If I speak mainly of the M. I. T., it is merely because I 
suppose that on this occasion I am expected so to do, and with 
a full appreciation of the splendid work being done by other 
institutions. 

The necessity of intimate cooperation between the uni- 
versities and industry has been discussed so much as to have 
become very commonplace, but the subject must remain a 
commonplace of discussion until it sinks so deeply into the 
consciousness of the people as to be no longer worth talking 
about. To a select audience such as this, however, it is scarcely 
necessary to say what might be appropriate to a more general 
gathering, for you know quite as well as I that the industries 
of this country will never flourish as they ought until they are 
permeated with the spirit of the university and especially with 
the spirit of science, which insists on looking a t  nothing but the 
facts, on resting everything on the solid ground of truth, on 
approaching all problems with an open mind, and on marshalling 
all the knowledge that is available so as to bring i t  to bear 
effectively on the particular problem in hand. I might add that 
the universities will never rise to their proper level unless they 
too are affected by something of the active and alert spirit of 
industry. On every ground it is desirable to bring the uni- 
versities and industry into close cooperation and nowhere more 
urgently than in the field of chemistry. 

The growing importance of the chemical industry in the 
United States has been a matter of comment for years and has 
been reflected within the universities. During the last ten 
years, for example, the number of students following the course 
of Chemical Engineering a t  the Massachusetts Institute of 
Technology has been increased threefold and the total number 
to-day in that institution preparing for the profession of the 
chemist, including the electro-chemist, is about 350, i. e . ,  be- 
tween one-fifth and one-sixth of the whole school. (I need 
hardly say that I do not include here those who are taking courses 
in chemistry for other purposes than to train themselves for the 
profession of the chemist.) Chemical industry has been grow- 
ing steadily but quietly in recent years and suddenly has found 
itself a place in the sun of public opinion. 

The war has revealed to every one what was known years 
before by all who were interested, namely, that this country is 
almost wholly dependent on foreign sources for the supply of 
many of its chemicals. This revelation naturally raises the 
question whether we are wise in being so dependent. It raises 
among other things the old question of the expediency of higher 
protection, the old question of the relative importance of home 
and foreign trade, and many other grave political questions, 
hoary with antiquity and yet ever new in the disagreements 
that are revealed in their discussion. These questions, if 
answered at  all, must be answered by political action and if the 
schools of applied science are to contribute to the solution of 
the problem it must be mainly along other lines than these. 
They should give their support to the organization of industry 
so as to meet the needs of the nation as a whole, but their main 
contribution here as elsewhere must be in the supplying of men 
properly trained for the task. With exceptional students ex- 
ceptional results can be obtained, but with the great majority 
the most that can be expected is to give them three things: 
jirst, a knowledge of the fundamentals; second, the method of 
attack; and Ihird, the spirit of industry and alertness for im- 
provements. 

To this end various courses have been laid out a t  the Massa- 
chusetts Institute of Technology, in one of which, for example, 

in a course of four years, the time devoted to chemistry in the 
first year is one-fourth of the whole, in the second year more 
than one-half, in the third more than three-fourths and in the 
fourth year practically the whole. I need hardly say that the 
laboratory method is generally recognized as essential and in 
the new buildings of the Institute more than two acres of 
floor space are devoted to the chemical department, most of 
this space being for laboratories. These include well-equipped 
laboratories for research and provide for those sections of the 
main departments of chemistry that have been organized for 
research in physical and industrial chemistry. The staff con- 
sists to-day of forty-one men-twenty-three instructors and 
assistants, and eighteen professors on the active list. They 
include a number of men of eminence in their profession; indeed, 
as regards the number of such men “the Massachusetts In- 
stitute of Technology stands clearly first” among educational 
institutions of the United States according to the impartial 
estimate of “American Men of Science.” The Institute has 
been specially fortunate in having on its board of trustees men 
closely associated with chemical industries, and the advice and 
cooperation of these men have proved of great value in shaping 
the chemical courses. To interest the students in the problems 
of industry, not only is their attention directed to the achieve- 
ments of the past and the great possibilities of the present and 
of the future, by the regular members of the hstructing staff 
and by men actively engaged in chemical industry, but the 
students in their later years are set to attack industrial prob- 
lems in the research laboratories, and the range of their vision 
is further enlarged by regular visits to industrial plants under 
the guidance of professors. 

But I must not weary you with a further description of what 
is more or less familiar to most of you. The real question is 
“Are the universities doing enough?” or, “Can more be done 
under the actual conditions that prevail or can those conditions 
be changed?” Just as in business so in education we are blocked 
in many lines of advance through lack of funds. This has 
unhappily become a commonplace of presidential utterances, but 
commonplace or not, it is of vital importance. Let us con- 
sider for a moment some of the suggestions that have been made 
as to the more that we might do. First it is said we should have 
better professors, more men of eminence in the profession, 
more that are thoroughly alive to the needs and possibilities 
of industry. Men of eminence there happily are, but of course 
it would be better if there were more. Can we expect, how- 
ever, a very large number of men alive to the possibilities of 
industry and capable of meeting its needs to make the great 
financial sacrifices involved in accepting a teaching position 
a t  a salary of a few thousand dollars? The success of the in- 
dustries demands that we should have a higher level of salaries 
in our schools of applied science and that we should be in a 
position to pay a few men at  least a reasonable fraction of what 
they could earn in business. 

It is said that we should have better students and there is 
some complaint that the ablest and brightest men within the 
universities choose other branches of engineering than the 
chemical. In so far as this is true i t  is partly because the possi- 
bilities of the chemical industry are not fully realized, the field 
being relatively new. An important factor, however, is the 
unfortunate feeling that the chemist will always remain an 
employee and a rather low-priced one a t  that. For its own 
good, industry must be prepared to pay capable men better 
salaries if i t  wants to attract the abler students and it should 
give these men opportunities to develop if they show any capacity 
for other work than the mere routine operations of analytical 
chemistry. 

It is said that we should have closer contact with industry. 
Undoubtedly this would be a great advantage in every field of 
academic activity that affects our departments of chemistry. 
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It would be a great advantage to the undergraduates after 
having laid the foundations of chemical knowledge to have more 
opportunity of getting in direct touch with the methods and 
problems of industry. This soon resolves itself into a question 
of dollars and cents, and if the necessary money be forthcoming 
much more will undoubtedly be done in this direction. It 
would be a great advantage for the professors were they in closer 
contact with industry. Here it would surely be well to follow 
the example of Germany and employ a larger number of pro- 
fessors in attacking the special problems of business that re- 
quire a thorough knowledge of chemistry. Do not let the in- 
dustries neglect the professor of “pure” science. Our great 
problem is to organize our knowledge and to organize i t  in such 
a way as to make it as effective as possible in industry. An 
enormous amount of valuable material is locked up in various 
ways and not the least of it is locked in the brains of professors 
of “pure” chemistry. The universities are striving hard to 
break down the unfortunate barriers, many of them artificial, 
but none the less effective, between pure and applied science, 
but the most effective agent in this respect should be the in- 
dustries themselves. They should take more active means to 
interest individual professors in the special problems that con- 
front them. 

There is, of course, much that has not yet been done, much 
that has not even been attempted, but after all perhaps our 
greatest problem is to make the most of what we already have: 
certainly we do not do this to-day. Take the matter of knowl- 
edge. We rightly lay stress on the importance of research and 
the advancement of knowledge. We can not keep this before 
us too prominently because the spirit of research is the very 
basis of progress. We must not overlook the fact, however, 
that too often we treat shamefully the knowledge that has al- 
ready been garnered. Thousands of useful results are obtained 
every year that would be helpful to industry were an effective 
effort made to make them widely known. We are hurt here 
by the prevalence of the spirit of trade secrecy. Of course, 
we must recognize the facts and treat human nature as it is and 
not as we think it should be, but a large part of what is thought 
of as “secret” is really widely known and there is much 
knowledge of value that could be disclosed without any detri- 
ment whatever to the revealer. Even the knowledge that 
is in the text books and that is accessible to everybody is not 
really used. If we could apply one-tenth of such knowledge 
fortunes would be made every year. Here industry must help 
itself. Its attitude towards scientifically trained men must be 
improved. There is still with us too much of the spirit of the 
pre-scientific days and too much reliance on “rule of thumb.” 
Old-fashioned superintendents are still constantly employed 
who have no knowledge of science and little faith in it. Prac- 
tical men must not be so scornful of what is obvious to men of 
science. We must remember that in times of peace Germany 
became rich by having faith in the obvious just as in times of 
war she has won success by realizing that guns and ammunition 
are useful adjuncts in that terrible form of competition. In 
the field of chemistry Germany has not shown any special genius 
for scientific advancement, but she has taken her knowledge 
seriously and displayed a real and a saving faith in the formulae 
of the text books. England accepted them as a matter of logic 
but didn’t really believe in them, and America has occupied 
an uncomfortable middle ground. 

We must have more faith in ourselves. Not all the con- 
ditions are against us and in spite of the fierceness of foreign 
competition there is much wherein we can hold our own. When 
the war is over the conditions of competition will be peculiarly 
severe, but the war should have given our chemical industries 
a new start and a fresh impetus, and if our range of vision is 
long and our enterprise does not fail, the future of chemical 
industry in this country should be bright indeed. The uni- 

She must come out of it. 

versities are animated by the spirit of service and anxious to 
do all that they can to help. Let the industries tell us clearly 
what they want. 

THE UNIVERSITIES AND THE INDUSTRIES 
By HENRY P. TALBOT 

Professor of Inorganic Chemistry, Massachusetts Institute of Technology 

Among the various types of service which the industries may 
reasonably demand from our educational institutions, there is 
obviously none of more vital importance than the training of 
those young men who constitute, in increasing measure, the 
rank and file of intelligent workers, and who should develop into 
leaders in the industrial field. It has fallen to my share to dis- 
cuss briefly this phase of university service, particularly with 
reference to a possible increase in cooperation, both in spirit and 
deed. There will be time for the consideration of only a few 
aspects of this service, and I shall eliminate a t  once any dis- 
cussion of the advisability of the support and encouragement 
of laboratories devoted to investigations in abstract science 
(so often abstract for the moment only), assuming that all will 
agree that whatever really extends the boundaries of our knowl- 
edge must ultimately redound to the benefit of applied science. 
It is certainly true that no institution can hold itself free from 
criticism which, does not endeavor to contribute its share to the 
common fund. 

With a problem so complex as that of the education and 
training of successful industrial workers, it  must always be true 
that the attainment a t  any particular period will fall short of 
what is regarded as desirable. Indeed, every advance seems to 
create new demands. There have been abundant evidences of 
dissatisfaction in recent years, and this has occasioned much 
private and public discussion, as is shown by the “Bibliography 
on the Training and Education of the Chemist and Chemical 
Engineer” published in the March issue of THIS JOURNAL for the 
current year. This bibliography contains about seventy titles 
of papers, most of which have appeared within the last six 
years, and can be commended to the attention of all interested 
in reviewing the educational aspects of our subject. 

If we search this literature to find the nature of the existing 
dissatisfaction, with a view to the application of remedies, we 
encounter mainly generalizations. An effort has, however, been 
made to arrive a t  some concrete conclusions through the appoint- 
ment of a joint committee to study engineering education in this 
country. This committee was formed a t  the suggestion of the 
Society for the Promotion of Engineering Education, and is 
made up of representatives chosen by that Society, and by the 
prominent national engineering societies, including our own 
American Chemical Society. It has been my privilege to serve 
upon this committee, with Mr. Clifford Richardson, as, a rep- 
resentative of our Society. 
STUDY OF PRESENT STATUS O F  ENGINEERING EDUCATION BY 

CARNEGIE FOUNDATION 

At the request of this joint committee, the Carnegie Founda- 
tion for the Advancement of Teaching has undertaken an ex- 
haustive study of the present status of engineering education, 
and Professor C. R. Mann is devoting his entire time to it, 
studying, for the present, mainly the longer-established courses 
in civil, mechanical and electrical engineering. After much 
preliminary discussion and consultation Professor Mann sent 
out letters of inquiry, mainly to the members of the engineering 
societies representing the three branches just named, through 
which he sought particularly to learn the factors which the 
engineers regard as contributing most certainly to success in 
professional work, and also to learn the opinions of the same men 
as to the efficiency of our educational institutions a t  the present 
time with respect to these same factors. He received fourteen 
hundred replies, and these he has correlated in his report of 
progress made to  the joint committee, u2der eighteen groups, 
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some of which we shall consider. While it is true that com- 
paratively few of these letters of inquiry were sent to chemists 
or chemical engineers, it seems to me fair to assume that the 
collective verdict of this large number of engineers does not 
differ materially from that which would be reached in our own 
profession, and there seems to be something to be learned from 
these returns. 

IMPORTANT FACTORS I N  PROFESSIONAL SUCCESS 

If we assume, as Professor Mann does, that those factors may 
be deemed most important for professional success which are 
mentioned by the largest numbers of engineers, then the first 
place must be allotted to those traits which fall under the 
grouping “Character.” The group includes, beside the general 
term “character,” integrity and honesty, and personality. 
Self-Reliance and Decision (including, among other traits, 
Responsibility and Perseverance) occupies the second place in 
the esteem of the writers, and is followed by Ability to Under- 
stand and Handle Men. The fourth place is given to Engi- 
neering Spirit (including aptitude and innate ability), and the 
fifth place to Independence (including initiative and resource- 
fulness). Technical Knowledge, Scientific Attitude, Accuracy, 
Efficiency and Business Sense occupy the eighth to the twelfth 
places, inclusive, and Application of Theory to  Practice the 
seventeenth place. 

If we now consider the verdict with respect to the present 
efficiency of our institutions, the figures are scarcely flattering 
to the vanity of those of us who are engaged in instructional 
work. In the case of only three of the groups is there an actual 
majority of opinion that the factors involved are successfully 
inculcated. These groups are. Technical Knowledge (by a 
large majority), Scientific Attitude (by a fair majority), and 
Ambition or Enthusiasm (by a mere majority). The vote is 
about even with respect to Self-Reliance, Industry, Character and 
Efficiency. The verdict is successively more unfavorable with 
respect to the development of Engineering Spirit, Independence, 
Accuracy, Understanding of Men, Application of Theory to 
Practice, and most severe of all with respect to Business Sense. 

I t  may be objected that any such grouping as this involves 
obvious confusion of terms and that the whole is somewhat 
artificial. But, granting some imperfections, are there not some 
useful conclusions to be drawn from this preliminaiy skirmish 
in the effort to better conditions? 

Let us note first that the most conspicuous among the in- 
dividual factors which make up the first five groups which are 
seemingly considered most vital for professional success, are the 
following personal traits: character, personality, innate ability, 
perseverance, temperament, leadership, aims-for self or work. 
Now these are exactly the factors over which the universities 
have the least influence, and are, indeed, those which are almost 
entirely determined by a presumably all-wise Providence before 
the universities receive their students as raw material. It is, 
therefore, not strange that we find these factors, for the most 
part, well down in the efficiency list representing university 
attainment 

Again, there are factors which are themselves, or which in- 
volve, traits which are largely God-given but can also be fostered 
by the universities. Such, for example, are integrity and honesty. 
tact, ability to cooperate, resourcefulness, power of expression, 
ability to understand and deal with men, and, in particular, 
the cultivation of engineering spirit. An examination of the 
university efficiency list again indicates that our present achieve- 
ments win comparatively slight approval. 

There still remain such factors as grounding in fundamental 
principles and theories, teaching of fundamental facts, familiarity 
with authoritative sources of information, power of logical 
thinking and development of reasoning power, which naturally 
win higher approval, since they constitute the unavoidable 
duty of the educational institutions. But these are, oddly 

enough, found in the middle or in the lower half of the factors 
most esteemed by engineers. 

If, then, we may assume that Professor Mann’s correlation 
has a t  least some quantitative significance, does it not show that 
the consumers of the products of our universities may be a bit 
unreasonable in their expectations, in that they overlook the 
fact that so much of what they chiefly desire to find in the young 
graduate is essentially a question of natural gift? The uni- 
versity may, and should, catalyze the latent powers which 
Nature has bestowed (using due care to avoid negatlvr catalysis, 
which is far more likely to occur in the educational than the chem- 
ical field), but the university is practically unable to create such 
powers. In  his paper, read at  your November meeting, Pro- 
fessor Whitaker referred to our present difficulties in the selec- 
tion of raw material. In view of the great influx of young 
men into our educational institutions, many of whom, although 
without most of these desirable natural traits, still find their 
way into the chemical and other engineering professions, it may 
not be unreasonable that the industries should demand coopera- 
tion from the universities in an attempt to find better methods 
for the selection of men, and a more rigid exclusion of the 
obviously unfit. It is interesting to note, in passing, that 
experiments are now said to be under way, in connection with 
the study which Professor Mann is making, with a novel type 
of tests to determine the fitness of an individual to undertake 
scientific or engineering work. It is hoped that these tests may 
usefully supplement our present disappointing method. The 
results are not yet sufficiently numerous to warrant general 
conclusions. 

TECHNICAL GRADUATES LACK ENGINEER’S VIEW-POINT 

But after making due allowance for demands which are 
possibly beyond the power or the function of the universities 
to meet, there still remains serious criticism, and it seems to me 
that it can be summed up in the statement that the graduates 
from our educational institutions fail to catch what may per- 
haps be termed an engineer’s view-point, as applied to chemical 
industries. In the opinion of their employers they lack con- 
structive imagination; they do not appreciate how diversified 
are the factors which enter into commercial operations, nor the 
complexity of the human relationships and agencies involved; 
they have little business sense. 1 have avoided the mention of 
controversial matters which have t o  do with details of curricula, 
etc., because these must be eliminated from this brief dis- 
cussion. The arraignment is sufficiently impressive as it stands, 
and there can be no question of the sincerity of those who make 
it. 

I can, however, point out 
one particular in which it seems to me that our institutions, not 
excepting our technological and polytechnic institutes, are a t  
fault, namely this: that they have not sufficiently required, or 
even encouraged, those of their staff who claim that they are 
fitting men for the industries to take adequate pains to acquaint 
themselves with the conditions under which those industries 
exist and prosper. It has been aptly said that the efficient 
teacher must have his knowledge in the “contagious form.” 
It must be a t  least as true that the instructor who is to be 
capable of equipping his pupils to grapple with industrial 
problems in the broad sense, must have acquired the engineer’s 
view-point, as I have called it, before he can impart it. I be- 
lieve that we can attain the best results only when every in- 
structor concerned with undergraduate courses has made such 
an acquisition-not merely one or t w ~ o  members of a staff whose 
particular business it happens to be t o  give courses labeled 
“Industrial Chemistry” or “Chemical Engineering.” The 
effect must be cumulative, and when it has become so there 
should be a distinct improvement in the poxer of our graduates 
to grapple with industrial conditions. 

The answer is not easy or simple. 
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INSTRUCTORS SHOULD HAVE REAL CONTACT WITH INDUSTRIAL to work in squads, This matter deserves and is receiving 
PROCESSES consideration in some of our institutions. 

I t  may be objected by some that what has just now been ad- 
vocated would mean the introduction of too much of what has 
been called the “dollar coordinate” into our instruction; that it 
exalts industrial chemistry above the more academic phases 
of the science. But it does neither of these things, if rightly 
interpreted. We often marvel a t  the more intelligent and re- 
ceptive attitude noted in students who for one cause or another 
have been obliged to spend a year, or even a summer, in some 
industry before or during their student career. On the part 
of a teacher who has had some industrial experience there is a 
similar increase in resourcefulness, especially in the matter of 
illustration of principles, which vitalizes his instruction. This 
surely need not commercialize his instruction; it does tend to 
enrich it and to give the more academic phases of it, which must 
always be the backbone of the training, greater vitality. Every 
lecturer knows that there is an accentuated attention on the 
part of his students the moment that he cites as illustrative 
material some incident drawn from his own experience with 
affairs outside of the university walls. I believe, then, that one 
of the greatest services which the universities could render 
to the chemical industries would be the placing of a premium 
upon, or, when practicable, demanding of its instructing staff 
some sort of real contact with industrial processes. Even a 
round of visits among operating plants, of a fortnight’s duration, 
is a wonderful education in itself, and I should be sorrl indeed 
for the instructor who could say, after such a trip (as some who 
have never made the trip have said), that they have little to 
learn from the industries. An occasional summer vacation 
spent a t  a manufacturing plant would, of course, be better, 
and a half year better yet, and there are other agencies which 
may be utilized to the same end, the discussion of which would 
encroach upon material to  be presented by other speakers. 

It is, ’of course, easily possible to carry industrial contact 
so far, in individual cases, as to seriously hamper instructional 
efficiency, but this can be safeguarded. There seems to be no 
valid reason why, if the industries will cooperate, i t  should not 
be possible to bring about a desirable degree of contact, but it 
obviously involves such cooperation. 

An incidental, but important, advantage would be the lessen- 
ing of what seems to be a difficulty in arousing professional 
interest among students of chemistry. I have heard it alleged 
that very few chemists could talk intelligently about the larger 
achievements in their science, and that this was especially true 
of its teachers. Now, it is relatively seldom that we chemists 
build ourselves monuments, and when we do, they are apt to 
become sadly soiled and unattractive, and we all know that it 
is the rare mind that thrills a t  the thought of an atom, a principle, 
or a differential equation, however much of a scientific triumph 
each may represent. It is the chemistry of daily life and of our 
national industries which makes the most effective appeal, 
and this can be more clearly recognized in our instruction and 
in the writing of our text-books, without any loss of scientific 
caste. To avoid any misunderstanding, let me add that nothing 
which has been said should be interpreted as advocating the 
teaching of details of industrial processes, except in a few typical 
cases. 

One of the most frequent criticisms of the young graduate 
relates to his inability to understand, or make himself under- 
stood by, other men; to  his failures to cooperate with others, 
or to direct the work of others, even though the latter are less 
intelligent than himself. It is quite possible that our schemes 
of instruction for chemists and chemical engineers, as they 
have actually taken form, do tend toward more individualism 
and less of concerted action than is true in the case of other 
engineering professions, where students are much more likely 

Every institution is, I think, endeavoring in some way to 
promote such general intercourse among students as will tend 
toward more intelligent appreciation of what it means to “get 
on well” with one’s associates, and to give and receive the best 
to be had. But not much can be accomplished through mere 
preachment. It would be a very great help toward the attain- 
ment of the results desired, especially with respect to the hand- 
ling of men, if our students could obtain even simple employment 
in manufacturing plants in the summer. There is an enormous 
loss of available energy a t  present, and I cannot help thinking 
that the industries would, in the end, be greatly the gainers 
if they would systematically arrange to take on a t  least a few 
of the better men each year, upon recommendation from the 
universities. The fact that such men show a marked increase 
in appreciation of later instruction has already been alluded to. 

Undoubtedly the greatest service which the universities could 
render the industries in the training of young men would be to  
increase the proportion of large-minded, mature teachers. 
Unhappily those entrusted with administrative duties realize 
that it is increasingly difficult (especially in chemistry to-day) 
to attract and hold such men (especially young men) in com- 
petition with the attractions in the technical field. This is 
not alone because of the increased emolument which they offer: 
it  is quite as much because of the opportunities for tangible 
achievement. It is, of course, too much to ask of the industries 
that they should refrain from securing the services of such men, 
but it seems very desirable to make an effort to devise some 
plan of cooperation which will, in a considerable number of cases, 
permit able men to serve the industries, without severing their 
connections with the educational institutions. 

The fact that financial assistance from the industries which 
could be used to increase the resources of the universities avail- 
able for the payment of salaries would be a most helpful form of 
cooperation, is so obvious as not to require further discussion. 

Finally, it is essential, I think, that the industries should 
remember that the principal thing that the young chemist can 
bring to his elder colleagues is a fresh knowledge of facts, prin- 
ciples and theories. Someone has said that he “should enter 
the works with a head full of theory and a soul full of humility.” 
He cannot hope to contribute a t  once those factors which are 
necessarily the product of experience and maturity of judg- 
ment. Let those who receive these young men into the chemical 
industries exercise reasonable patience, remembering the state- 
ment of Mr. Herreshoff that “chemical engineering necessitates 
a greater variety of engineering than all other branches of engi- 
neering combined,” and the further statement of Dr. Nichols 
that “it should be remembered that a college course is simply 
a foundation on which further education is to be built in after 
life-for it is not possible to furnish the thoroughly educated 
man in four or even in five years.” 

ABLE MEN SHOULD SERVE BOTH INDUSTRIES AND UNIVERSITIES 

THE UNIVERSITY AND INDUSTRY 
BY WH. n. WALKER 

Professor of Chemical Engineering, Massachusetts Institute of Technology 

At the opening meeting of this series, President Wagner, 
with clear conviction, pointed out the fact that there does not 
exist to-day in the United States that close cooperation between 
the universities and the industries which has existed for years 
in Germany; and to which is due that commercial success which 
is so envied by other nations, and which is now enabling Ger- 
many to carry on practically unaided a gigantic war. Presi- 
dent Butler at the same meeting stated that it is now time “to 
see whether a democracy, without departing from the principle 
of individual initiative, without giving up civil liberty for a 
bureaucracy, can of its own accord and because of its own con- 
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victions organize its resources in the public interest as well as 
any other nation or any other form of government that exists 
in the world.” Realizing as we do that the university-and for 
the purpose of this discussion we shall use this term to designate 
all high-grade scientific institutions of learning-is not in that 
active cooperation with the industrial life of the country which 
makes for the greatest national efficiency and prosperity, we 
ask ourselves the question what are the factors which prevent 
this closer relationship; or conversely, what must be done by 
both the university and the industries to insure this desired 
cooperation? 

The speakers who have preceded me have discussed the im- 
portant phases of the last part of this question with reference 
to the university, and have pointed out what the educational 
institutions are doing and can do in the future, to more nearly 
meet the demands of the industries in the way of supplying 
trained men with whom to build up their organizations, and in 
furnishing opportunities for research with which to perfect their 
processes and their products. It is only after much hesitation 
that I attempt, even in a measure, to answer the first part of the 
question; but we can a t  least make a start. With your per- 
mission, therefore, I shall devote the time at  my disposal to dis- 
cussing very briefly some of the ways in which, from the uni- 
versity man’s point of view, the industries have not fully taken 
their part in meeting this demand for more efficient coopera- 
tion. I do this in the hope that what I shall try to make con- 
structive criticism of the industries may elicit corresponding 
criticism of the university, when the industries, as I understand 
is to be the case, are given their inning. In this way let us hope 
we may get closer together on this question which is of such 
imminent and national importance. 

INDUSTRIES DO NOT DISCLOSE PROBLEMS 

The first criticism of the industries which you will note, is 
their failure to make known to the university what their troubles 
and problems are. This proposition is simple in its statement, 
but fundamental in its importance and far-reaching in its re- 
sults. The university can never realize the manifold oppor- 
tunities in which it can be of service to the industries if such 
opportunities are never disclosed; it must remain in ignorance 
of the many problems crying for solution, if these problems re- 
main pigeonholed in rolltopped desks, or hidden behind factory 
walls. 

One reason for this condition of things is, when reduced to its 
simplest terms, that the industries have too little faith in the 
university as a source of help. A manufacturer consults the 
professional man and soon discovers that he does not know the 
details of his plant or his process or his product. He a t  once 
concludes that however able and learned the professor may be, 
he is too ignorant of the subject in hand to be of service. Here 
is where the manufacturer goes wrong; and it is a t  just this 
point thal the industries make a fundamental mistake. It is 
not only unnecessary, but as a rule undesirable, that the uni- 
versity professor should know the detail of the problem which 
is so familiar to the manufacturer. Cooperation signifies the 
combined striving of two people towards the same end. When 
the manufacturer contributes the practical details of the prob- 
lem, and to this the university man adds a broad knowledge of 
the facts and principles of science, with a training and experience 
in the application of these facts and principles, there is created 
a team which will produce results to satisfy the most exacting. 
This is what cooperation means; and it is this combination of 
science and industry that has made Germany the power she is 
to-day. 

A second reason is, that there is a lack of frankness and a 
want of confidence on the part of the industries when dealing 
with the university man, which so far as I know is not merited 
by him, and which too often makes efficient cooperation im- 
possible. The university man, being ignorant of the details 

of the process and possibly never having been interested in the 
line of work involved, can aid efficiently and intelligently only 
when he is in possession of all the facts. If the scientist is not 
worthy of being entrusted with the whole story, he is a dangerous 
man to be in possession of any part of it. Nothing is more 
discouraging than to expend a lot of time and energy on a prob- 
lem only to find later that one was kept in ignorance of condi- 
tions which make the results of earlier work useless. If the 
scientific man cannot be a confidential man, his usefulness to the 
manufacturer has vanished. 

SCIENTIFIC DATA OBTAINED IN INDUSTRIAL RESEARCH SHOULD 
BE MADE PUBLIC 

The next matter in which the industries are a t  fault, is in not 
assuming a more liberal attitude towards the publication of the 
results of research work done for the industries by the uni- 
versities and their graduates. There is a feeling on the part of 
the president or manager of the company that if the university 
man be generously reimbursed for his time and trouble he should 
be satisfied. hTo scientific man should be, and few scientific 
men are, satisfied with a purely monetary return for their labor. 
They appreciate that they are under an obligation to contribute 
their share towards the development of their science; and when 
they have completed a piece of work which includes scientific 
data of value, they feel that such data should be published for 
the upbuilding of the science. I do not mean that the results 
of the investigation for which the company has paid a generous 
sum should be spread abroad for the use of its competitors: 
such would be manifestly unjust. But I maintain that in every 
piece of research work there are results which could be pub- 
lished in a perfectly impersonal way, so to speak, that would 
enrich science, and do the industries no harm. I dare say that 
there is not a man present who interests himself in the applica- 
tion of science to industry, who cannot think at  once of a dozen 
reports he has written For corporations which contain a wealth 
of valuable data that could be published in an unapplied form 
without doing the corporation any injury, but which remain 
buried in the oblivion of secrecy. 

“PURE” AND “APPLIED” RESEARCH CAN BE EQUALLY SCIENTIFIC 

The unfortunate use of the terms “Pure” and “Applied” re- 
search has led to the almost unconscious assumption that the 
only motive behind pure research is to enrich science, while the 
sole motive actuating applied research is to enrich the in- 
vestigator or the organization financing the investigation. 
This latter assumption is unwarranted. Because an investiga- 
tion is to be utilized, is no reason why the work should not be 
done with the thoroughness and accuracy which produces the 
best of scientific results. If published as scientific data in this 
non-applied form, the cause of pure science is advanced just as 
though the work had been undertaken and carried out as a 
piece of pure research, and the demand of the industries is a t  the 
same time satisfied. 

As Prof. Gies pointed out, everything which Pasteur ac- 
complished in science was done from a distinctly industrial 
standpoint. A problem appealed to Pasteur in proportion to its 
utility. But he did his work with such a breadth of view, with 
such attention to thoroughness and accuracy that upon the 
results of his industrial research is founded the science of 
bacteriology. Had the industries which profited by Pasteur’s 
work been able to lock up in their archives the results of his 
researches, not only would the industries themselves have been 
poorer thereby, but they would have deprived Pasteur of the 
glory of his achievements and science of his epoch-making 
contributions. To take an example nearer home, consider the 
splendid research carried on by Whitney and Langmuir on the 
behavior of gases a t  very high temperatures. It is immaterial 
whether you consider this the finest type of pure research, from 
which the commercially valuable gas-filled tungsten lamp re- 
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sulted, or an exceedingly profitable piece of industrial research, 
in which purely scientific results of great value and interest were 
obtained, and given to the world. The goal towards which we 
should strive is to  conduct our investigations so that the only 
distinction which can be drawn between pure and applied 
research is the interval which will probably elapse between the 
time when the results are obtained, and the time when they 
become of service to the community. 

“TECHNICAL DIRECTORS” NEEDED IN OUR INDUSTRIES 

A fundamental difficulty which presents itself when we in 
America attempt to introduce science into industry as com- 
pared to the ease with which the same thing is done in Germany, 
is occasioned by the absence of the equivalent of the German 
“technical director.” Every university professor who has 
followed his students into the industries knows well how often 
they all but fail solely on account of a lack of appreciation of the 
nature of their work by the directing head of the organization. 
This officer may have all the training necessary to be the son 
of the owner, or the representative of the majority stock- 
holders, or of the banking syndicate which financed the industry; 
but he lacks the training which enables him to appreciate the 
atmosphere which must surround research work, or in fact 
scientific work of any kind, if it  is to  be successful. 

The infinite patience of the German investigator is made 
possible and profitable only by a corresponding infinite ap- 
preciation and sympathy on the part of the managing director. 
We may talk until the crack of doom about the miraculous 
results of Germany, but so long as we continue to  draw the 
technical directors of our industries, the men on whom decision 
as to development work depends, from the purely commercial 
side of the organization rather than from those men with a 
scientific training, just so long shall we continue, notwithstanding 
our great natural resources, to cry for a protective tariff, more 
favorable patent laws, and other wholly temporary and super- 
ficial aids, 

UNIVERSITIES MUST SUPPLY INTELLIGENT FOREMEN 

Finally we come to that factor in which the industries are 
most woefully lacking, and to remedy which the university has 
done almost nothing, namely, the supply of intelligent foremen. 
It is not necessary for me to  develop this fact because every- 
body knows it. Anyone who has tried to carry scientific work 
into the industries realizes the difficulties introduced by un- 
sympathetic and frequently hostile foremen, or even super- 
intendents. Clearly it is foolish to think of dispensing with the 
hard-headed old superintendent, with his wealth of knowledge 
and his years of experience; or the young foreman with his 
jealously guarded secrets of the batch, or the mix, or what not. 
But while science forced into an organization from on top is 
most helpful, some science introduced a t  the bottom is also 
necessary. The younger men now in our industries must be 
educated; must be shown that a man to attain the greatest 
success must keep up to his job, that as he grows, his job will 
grow. Here is a golden opportunity for the university, using 
this term always in the broad sense already stated, and the 
industries, to cooperate as they have never done before. All 
through the long summer the industrial and chemical engi- 
neering laboratories of our large institutions are empty. Why 
should this expensive equipment be idle when there are so 
many anxious t o  use it? 

Time does not suffice to  outline in detail a plan which we are 
developing a t  the Institute of Technology, to present to  young 
foremen and superintendents the principles of physics and 
chemistry on which their chosen industry depends. We pro- 
pose t o  assemble each summer in our chemical engineering 
laboratory, apparatus designed to present one specific industry. 
We shall invite that industry to send to us their more promising 
and ambitious men, in order that they may learn the scientific 

principles upon which the control of the raw materials, the 
process and the product depend. There are grave difficulties 
in such a plan, I admit, but cooperation can solve them. The 
objection met most frequently is that the industries cannot spare 
a good foreman for so long a time as six weeks. I can only say, 
that the foreman does not exist who may not at any time be 
taken out of the factory for six weeks by pneumonia, or typhoid 
fever, and yet the factory would not stop, nor the foreman lose 
his position. No more promising field exists, nor one fraught 
with greater possibilities for the industrial progress of this 
country than the opportunity which this problem presents for 
cooperation between the university and industry. The fore- 
men are anxious to learn; the industries are anxious to have 
them know; the university is anxious to teach. Let’s get to- 
gether. _____ 

THE UNIVERSITY AND BUSlNESS 
By ARTHUR D. L I T T L ~  

Member of Corporation, Massachusetts Institute of Technology 

The more obvious function of the university is that of train- 
ing and developing the students who resort to it a t  the most 
plastic period of their lives. Its broader purpose is coextensive 
with that set forth in the splendid phrase of Smithson “the 
increase and diffusion of knowledge among men.” If knowl- 
edge is power anywhere it is certainly so in business and yet we 
find that business suffers everywhere from lack of knowledge, 
which i t  is within the power and province of the university to 

It is, for example, a platitude to say before an audience like 
this that there is a great need a t  the present time on the part 
of bankers, capitalists, men of affairs, and directors of industry, 
and in no less degree on the part of superintendents, foremen, 
work people and the public generally, for a better appreciation 
of the part which science plays in furthering industrial de- 
velopment, increasing the efficiency of production, raising the 
scale of wages, and insuring preparedness, whether for peace or 
war. 

supply. 

BUSINESS MEN IGNORANT OF SCIENTIFIC POINT OF VIEW 

This need arises from the fact that men of affairs, and espe- 
cially financiers, have seldom received a scientific training or 
acquired a working knowledge of the scientific method or fully 
understood the scientific point of view. They consequently 
often fail to realize the intrinsic merit of industrial propositions 
which are based essentially upon new applications of applied 
science, and to gauge with accuracy their chances of success. 

They can-it is true-employ specialists, as in fact they 
should do in any case, but they often cannot weigh the validity 
of expert reports because of ignorance of the scientific method 
and suspicion of the value of its deductions. As a result of 
these too common limitations in financial circles the develop- 
ment of large and ultimately highly profitable industrial under- 
takings is often postponed for years. 

The directors of industry-though happily with many notable 
exceptions, especially among those to whom have been entrusted 
the affairs of our largest corporations-frequently ignore science. 
Wilfully or unconsciously, they cut themselves off from that 
great accumulation of coordinated knowledge and organized 
common sense which has been painfully built up by thousands 
of the best minds in every land during the last hundred years. 

Proposals based on the scientific study of a problem or situa- 
tion are, therefore, often rejected by these gentlemen as 
“theore tical” because the man who prides himself on being 
“practical” either cannot absorb the data, or does not dare to 
trust himself to the conclusions. Thus, antiquated methods 
persist, avoidable wastes continue, and dividends decline. 

The attitude of superintendents and foremen and of the 
industrial workers generally to the innovations and betterments 
proposed by science is far too commonly one of militant scepti- 
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cism or hostile suspicion. The superintendent trained in the 
rule of thumb and ignorant of the wealth of information which 
the laboratory, lecture room and scientific library has made 
available to his technically trained competitors, may easily 
become a direct obstacle to industrial progress. Since he is 
largely instrumental in determining the selection of the means 
and methods of production he is often a greater drag upon 
prosperity than the engineer who puts sand in the cylinder 
because the oil has been changed or the workman who indulges 
in sabotage because he objects to motion studies or the in- 
creased production of a new machine or process. 

Now all these individuals are social units who, with many 
other interdependents and mutually reacting units, together 
constitute the public a t  large. 

One may therefore fairly claim that our universities, great 
technical schools and colleges cannot serve business better than 
by directing some considerable part of their immense collective 
resources and influence toward creating in the public mind that 
mental atmosphere in which alone business can truly flourish. 

EFFICIEKCY I N  GOVERXhIENT A GREAT NECESSITY O F  BUSINESS 

The first great necessity of business, as it seems to me, is a 
wiser, less recklessly extravagant and more generally efficient 
government of nation, state and municipality, and, as a corol- 
lary, a higher respect for law in the community. The second 
urgent need of business is that of establishing in the public 
mind as axioms the broad facts and principles without the 
general acceptance of which business cannot be carried on a t  
high efficiency anywhere. 

Business for example suffers much from the notion prevalent 
in certain quarters that all wealth is produced by labor and none 
by brains. It is likely to suffer still more from the idea that the 
productive capacity of all should be limited by that of the least 
capable. So, again, is business hampered by the general 
ignorance of workers and superintendents as to what research 
is and what it can do for them. 

A study of the effect of the invention of the telephone upon 
the scale of wages of young women would be informing. So 
would one upon the relation which the development of special 
steels bears to the output of automobiles and the wages of 
machinists. Xo economist in these days raises his voice to 
call attention to the advantages of great fortunes. Yet, how- 
ever selfishly administered, they have advantages which are ob- 
vious to some of us and which should be easily demonstrable to all. 

The University of Wisconsin has done much to raise the 
standard of government in Wisconsin. Other universities 
everywhere are doing something, but could do much more, to 
combat the influence of pernicious ideas and enlighten ob- 
structive ignorance. 

STUDENTS SHOULD LEAVE UNIVERSITY WITH A DEFINITE TREND 
I N  SOME INDUSTRIAL DIRECTION 

To those of us who come in contact in considerable numbers 
with recent university graduates, one of the most shocking 
defects in the educational system of which they are the product 
is found in the pitiful lack of decision exhibited by the majority 
of these young men concerning the work and place in the world 
for which they are best fitted. One gains the impression that 
all too often the educational processes to which they have been 
subjected have been akin to the Strassburg process of stuffing 
by which geese are fattened. Or, they have been taught as 
Dr. Johnson said books were made, as an apothecary puts up a 
prescription, by pouring a little from many large bottles into 
one small bottle. It is not surprising that both the Strassburg 
process and that of the apothecary should have failed to draw 
out and develop the native capacities and latent possibilities 
of the student or that they should leave him with no well defined 
directive impulse. 

Such a state of affairs is happily not true of our technical 

schools and it ought not to be true of our universities. At 
some time during the university course of every student his 
attention should be drawn to the range of opportunity which 
the business world affords, and a clear notion should be conveyed 
to him of the promise and limitations of these opportunities 
and the qualities of mind which they demand. He should 
leave the university knowing something of himself and with a 
definite trend, if not a permanent set, in some industrial direc- 
tion. 

PREVALEST IGNORANCS OF ORDINARY SCIENTIFIC PHENOMENA 

Those of us who have received the benefit of any sort of 
scientific training are constantly amazed at  the ignorance of 
cultivated men and women, business men and work people, 
regarding the simplest phenomena by which they are surrounded. 
To a deplorably large proportion of the community the striking 
of a match, the lighting of a fire, the freezing of water, the fall 
of snow, the sending of a telegram or a talk by telephone, the 
operation of a steam engine, or the turning on of an electric 
light, involve mysteries as far beyond their range of thought 
as the cause of gravitation or the rotation of the nebulae. 

Since business involves a t  every point contact with natural 
phenomena and since the proper understanding of these 
phenomena, or a t  least some realization of what underlies them, 
often determines the measure of success attained in business, 
the university might well establish a compulsory elementary 
course in general science. This should be designed to give the 
student a t  least a rudimentary knowledge of the field covered 
by the different sciences, the relation of their subject matter 
to natural phenomena in the affairs of every-day life and those 
of business, the interdependence of the sciences, and, above all, 
a clear idea of the scientific method. Such a course could not 
fail to prove an immense stimulus to any intelligent mind. I t  
would open out new horizons for thought and put an altogether 
different and more interesting aspect on the world in which wc 
live and in which we must do business. 

ENGLISH LANGUAGE NEGLECTED 4 5  A BUSINESS TOOL 

The business man seldom has a t  his disposal any more 
potentially efficient tool than the English language, but in his 
hands it is a tool which is often rusty and very seldom so keen 
and highly tempered as to be capable of rendering its highest 
service. The fault for this is largely with our universities, and 
the remedy, so far a t  least as their own students are concerned, 
is in their hands. Our great institutions of learning are every 
day disgraced by the inability of their recent graduates to make 
a concise and convincing oral statement of a series of facts, to  
prepare a well organized and adequate report, or even to write 
a graceful and informing letter. 

STUDY O F  SPECIAL INDUSTRIES BY SMALLER COLLEGES 

There is, finally, a very definite field in which our smaller 
colleges can do much for business, and that is by offering 
specialized courses in the science and technology of those 
particular industries which are highly developed in their locality. 
Ohio State University, for example, has for years specialized 
in this way regarding coal, and the University of Maine is now 
instituting courses in paper-making. Other colleges and uni- 
versities are favorably situated as to particular industries, in 
such numbers and with such variety of opportunity that, were 
these opportunities utilized in even moderate measure, the 
young man who desired to prepare himself for any line of in- 
dustrial activity would have within his reach the means of 
realizing his ambition. 

The result would be the constant accession to the ranks of 
business of annual quotas of young men not blindly groping into 
an unknown world like the modern graduate, but advancing 
eagerly with open eyes toward responsibilities which they know 
that they can meet. 
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